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THE CONVENTIONAL EXAMINATION IN CHEMISTRY AND
PHYSICS VERSUS THE NEW TYPES OF TESTS.�PART II.

BY EARL R- GLENN,
The Lincoln School of Teachers College, Columbia University,

I. SUMMARY OF PART I.
In a previous article1 we summarized the conclusions of psy-

chologists with respect to inherited capacity, ability and per-
formance. A recent committee report2 describes these same
terms as follows:
^The term ^capacity^ should be restricted so that it may con-

note just one thing: namely, inborn or undeveloped possibili-
ties of behavior. Ability should be regarded as the product of
experience acting on capacity. The term ^performance^ should
be used to connote the score obtained in a test. When, however,
there is a desire to convey the idea of comparison with norms or
standards, the term ^achievement^ should be used. The score
of an individual in a test should not be considered as a measure
of his ability but as a record of his performance under the par-
ticular conditions under which the test was given. Judgments
as to ability are always inferences from performance and the
greater the number of trials or tests from which ability is in-
ferred, the greater the probable correctness of the inference.^
We also pointed out by tables of test ranks for chemistry and

physics that performance is likely to vary from test to test but
the average of several performances is fairly stable. The rela-
tive advantages and disadvantages of the new types of tests
were discussed.

II. SOME POSSIBLE USES OF TESTS AND SCALES.
According to the report3 mentioned above,�^A test composed

of elements of uniform difficulty or of several cycles of uniform
difficulty, and used to determine the rate at which work is done,
should be called a ^rate test/ (Illustration,�Courtis Writing
Test.) The term ^scale^ should be applied only to tests that
are material graded in difficulty, or quality, and used to measure
degree of difficulty or quality. A test composed of elements
graded in difficulty and used to determine the most difficult
test material the subject can handle successfully, under the pre-
scribed condition, should be called a ^performance scale/ (Illus-
tration,�Trabue^s Completion Test.^)

^lenn, Earl R. "The Conventional Examination in Chemistry and Physics Versus the
New Types of Tests; Part I." Sch. Sci. and Math. (21), Oct. 1921.

2"Rep. of Stand. Corn. of Nat. Assn. of Dir. of Ed, Research." Jour. of Ed. Research,
June 1921, 78-80.

3See footnote 2.
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The chief purpose of any test or scale should be to improve the
teaching process. If a reliable scale for high school chemistry
or physics were available now it is probable that evidence could
be rapidly accumulated which would enable us to:

1. Evaluate the aims of instruction in terms of the measured results
obtained.

2. Decide what items of subject matter are not learned thoroughly
enough to be worthy of a place in the course.

3. Decide whether chemistry or physics should be taught in the 9,
10, 11, or 12 grade.

4. Determine the most advisable sequence of topics.
5. Select a more efficient teaching emphasis.
6. Show a disinterested person the type of contribution these subjects

make to general education.
7. Determine the usefulness of mental tests in indicating probable

school success in these subjects.
8. Test one teaching method against another:

(a) The project method versus prearranged subject matter.
(b) The textbook method versus the method that uses a combina-

tion of demonstration and individual laboratory experiments.
(c) Etc.

9. Test one plan of study against another:
(a) Supervised study versus the study hall.
(b) The school study room versus home study.

10. Determine when to release bright pupils for optional work, after
certain legitimate standards have been achieved.

11. Determine whether a student is making satisfactory progress.
12. Discover how much progress a student makes in a given time.
13. Compare the achievement of classes in the same and in different

schools.
14. Show the relation of the size of the class to the efficiency of instruc-

tion.
15. Determine whether a class is making the desired progress.
16. Be more intelligent in deciding whether a pupil should pass or fail

in the subject.
Compare the achievements of boys and girls.
Determine whether prospective college freshmen have any control
of the high school course.

17.
18.

19. Classify college freshmen upor the basis of ability in the subject.
20. Show college professors what may reasonably be expected of good

high school instruction in these subjects.

III. SOME PRELIMINARY TESTS.
In order to study the possibilities involved in the construction

of a physics scale, the following tests have been printed in a pre-
liminary edition of 2,000 copies each. About 1,500 sets of these
tests were sent out to physics teachers for use at the end of the
year 1920-21. Some results are reported in this article. The
complete report will appear later. These tests may be secured
for use by those who are sufficiently interested to give the tests
.according to directions, and send us the data and the used tests for
further study.
1. Physics test LP. This is an information tesfc of the completion type

and is designed to be used at the end of the first or second semester,
(Forms A^ B, and C.)
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2. Physics test TF. This is a true-false test that can be used at the
end of the firsfc or second semester. (Forms A and B.)

3. Physics test MC. A short test dealing with the biography given
in the most commonly used physics texts.

The following tests have been tried out also but are not available,
except in small quantities, until printed:
4. Physics text PS. This test involves problems requiring numerical

solution. (Forms A and B.)
5. Physics test ED. This test deals with problems which do not require

a numerical solution. (Forms A and B.)
6. Physics test F. All of the formulas that are commonly used in

texts are covered in this test. (Forms A and B.)

Tests PS, ED, axid F are written so that Form A is used the
first semester and Form B the second semester^ It is important
for the reader to remember that none of these tests are standard-
ized tests. However, they have been prepared with more care
than most examinations ever receive. In the revised form, they
are probably more reliable and useful than many teachers would
be willing to admit. Further investigation will indicate the
functions and limitations of such tests.
Those who are interested to try chemistry tests should get

into communication with the author of a recent article4 in this
journal.

IV. How TO GIVE TESTS.
A. Due to the fact that many teachers regard the conven-

tional examination as entirely satisfactory and open to no serious
objections, it is important that the instructor consider the follow-
ing points in giving such tests as are suggested in. this discussion.
1. The teacher should have an open mind and give the tests a fair trial.
2. Follow the directions.
3. Do not use the subject matter of the tests for "cramming^ purposes.
4. Do not undertake more testing than you can complete accurately,

realizing that mistakes are likely to occur in the first trials.
5. Do not be disturbed if practically all pupils fail on some questions.

B. The science teacher should remember that we are chiefly
interested in accuracy in this investigation. If representative
test scores can be secured from a wide range of classes which
have been tested according to the same set of directions, it will be
comparatively easy to determine whether such tests are of any
value in teaching.
At present, scores made by any particular individual, class,

or school are not important. Since the teaching emphasis
controls the grades made upon any test, it is likely that there
will be several questions that almost every pupil will miss. Such
questions should not be omitted from the test.

cowers, S. R. "The Achievement of High School and Freshmen College Students in
Chemistry." Sch. Sci. and Math. 21, 366-77. (Address, University of Minnesota.)
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C. Before you study the test carefully, rank the pupils on the
score sheet that is provided. (See the blank forms below.)
Place the name of the best student at the top of the page.
Record the name of the second best student in blank number 2.
Rank five of the best pupils at the top of the page. Count the
number of pupils in the class. Rank a group of five of the poor-
est pupils at the bottom of the page. Put the name of the poor-
est pupil at the bottom and rank the others toward the top.
We are interested only in the relative rank of pupils. Do

not give two or more the same rank even though they have the
same average by your marking system. In the end there should
be as many rank numbers as there, are pupils in the class.
Some writers have suggested that for large numbers and

properly selected matter, etc., etc., the various percentages re-
ceiving the different grades would be approximately as follows:

Grade: ABODE
Per cent

receiving grade: -7% 24% 38% 24% 7%
We are not primarily interested in the distribution of class

grades but it is important that we know those who belong in the
A and E groups.
D. In all of this ranking consider the average of three or

more grades if possible. The semester or yearly grades can be
used. Do not use the results of one test or performance to secure
the class rank.
When you have selected the best pupils and the poorest pupils,

rank the remainder of the class in the medium group. The best
student now has a rank of 1 and the poorest has a rank at the
bottom of the list, the number being the same as the class enroll-
ment, in case all pupils take the test.
E. These tests should be made a regular part of tho school

work so that pupils will have a fair chance to respond to them
properly. It is best to use pencils rather than pens. Do not
give the class the idea that they are going through an ^ordeal^
or ^brain test.^ Require attention and obedience but give the
test in an agreeable manner. The test should appeal to the stu-
dent as a piece of work to be well done. It is best to give these
tests before rather than after any final examinations given by
the school.

F. ’Make no changes in the test. If you regard some of the
questions as too difficult or as not properly stated, give the test
in its present form and record your objections on the score gheet,
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G. When successive classes are to be tested, give the test to
all classes on one day and score the papers the next day. If no
copies of the test reach the succeeding classes, little error will
be introduced into the scores of these classes.
Avoid such unusual school conditions as the following:

1. A half holiday or a special celebration.
2. A period following great excitement in the auditorium.
3. A long period of final examinations.
4. An unusual shift in the daily program.
5. Any event which tends to destroy the quality of the daily school

work.

H. Some important details:
1. Give the test with no previous announcement or review.
2. Do not permit any questions to be asked during the test.
3 See that the desks are cleared of all books, papers, etc. If possible,

arrange pupils so that copying will not be a temptation.
4. Distribute the tests with the directions up. Ask the pupils to fill

in the blanks without examining the test itself. Next ask the pupils
to read the directions silently as you read them aloud to the class.

5. When the blanks have been filled in and the directions read, start
all pupils on the test at the same time. Record the time of beginning
and closing the test.

6. Unless otherwise directed give each pupil all the time he reasonably
needs for the test. Be s’ure that pupils record the time used.

V. HOW TO SCORE TEST PAPERS.
The papers may be scored by means of a stencil by the instruc-

tor or a reliable student. This is the most accurate method,
but it requires more time to obtain the scores for a class. Stu-
dents can be taught to do this scoring. ^

In this preliminary work the class method of scoring may be
used as follows:
1. Distribute the tests to members of the class so that no pupil gets

his own paper. Take account of any strong likes or dislikes of
individual students in order that papers may be s’cored correctly
the first time.

2. The instructor should take the key that is furnished a,nd read the
correct answer for each question. Do this at a fair rate of speed.
Pupils should make a check mark (V) in the blank space ( ) near
each correct answer. A cross (X) should be made near incorrect
answers. If the student has made no attempt to answer the ques-
tion make no mark near the question. The checks (V) indicate the
correct answers; the crosses (X) the incorrect answers. Students
frequently use all sorts of check marks. They should use these that
have been described in order that time may be saved in checking the
papers.

3. Ask pupils to total the score for each part of the test as follows:
(a) Completion test. Count the number of correct answers for

the score. .

(b) True-false test. The score is obtained by subtracting the
wrong answers from the right answers, i. e.*,

Score == Right�Wrong.
(c) Matching test. Count the number of correct answers.

4. In order to find out how many pupils answered each question cor-
rectly proceed as follows: Give each pupil a sheet of paper marked
off in squares numbered 1, 2, 3, 4, 5, etc. A pupil should write the
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name of the individual whose paper is being graded on the sheet
and then sign his own name. Ask pupils to put a check mark (V)
in the square for each question that is correct. This sheet, which
for convenience we shall call the "number sheet," should be filed
with the test. The use of the sheet will be described later.

5. Next call for the final scores, 6 ’fore the papers are returned to the
owners. Write the scores on the blackboard, in rank order from best
to poorest. Ask for scores only, not names of pupils. Before re-
turning the test papers and number sheets to the owners make sure
that the pupil who scored the paper puts his own name on both test
and number sheet.

6. At this point both test papers and number sheets should be returned
to the owners. The instructor should read through the correct
answers again in order that pupils may see whether the tests have
been properly scored. Pupils should check the number sheet, also
mistakes should be corrected and the doubtful cases considered
after class.

7. Before the papers are collected ask pupils to make sure that all
blanks are filled out; the scores recorded; and the number sheet
correctly prepared. The tests can be filed in rank order according
to the score sheet by calling first for the paper at the bottom of the
list.

8. In entering the data on the score sheet, check some typical papers
for scoring mistakes. In assigning rank numbers for the test use
as many numbers as there are pupils. If several pupils make the
same score use the following plan. Suppose the 5th, 6th, and 7th
pupils make a score of 24. In order to give them the proper rank
add 5, 6, and 7, and divide the sum by 3 (no. of pupils concerned).
This gives each of the 3 pupils a rank of 6. The rank numbers then
are 1, 2, 3, 4, 6, 6, 6, 8. We have ranked 8 pupils and we have 8
rank numbers.

9. The quickest method that we have discovered for finding the num-
ber of pupils who answer each question correctly is to cut the paper
of the number sheet into strips then clip off the various numbers
into appropriate piles. The separate tickets of like number can
then be counted and the total recorded on the score sheet.

10 The test papers should be filed away in the order given on the score
sheet.

VI. MEASURES OF CENTRAL TENDENCY, VARIABILITY, AND
CORRELATION IN TEST SCORES.

It has been customary to use only the arithmetic mean as a
measure of comparison in dealing with examination grades.
This practice neglects the fact that two classes may have exactly
the same grade or score and yet differ widely in achievement
because of marked difference in deviation from the arithmetic
mean. In other words, the mean when used alone, may actually
be misleading.
More than one numerical measure is needed to describe ade-

quately any class of data that may be used for comparison. The
following terms are commonly used in statistical work.
A. Measures of central tendency

1. The arithmetic mean is the name of the sum of a series of scores
divided by the number of scores. From a statistical point of
view this term is very useful but in some cases it gives too much
emphasis to very high or very low scores.

2. The median is defined as the score or point on the scale on each
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side of which one half of the measures fall. The median lacks
certain desirable statistical properties but it is easily computed
and is becoming more common in educational work.

3. The mode is that score which occurs most frequently. The mode
has no particular mathematical usefulness, but it is readily shown
in a graph by the "peak." The mode tends to vary more than
the median or the mean.

B. Measures of variability
1. The range is the difference between the highest score and the

lowest score, and as such it includes all of the scores. Af best
the range is only a rough measure of the variation of the scores
about the average.

2. The quartile deviation is defined as half the distance between the
first and third quarter points on the scale giving the distribu-
tion of the scores. It includes about one half of the scores and
is computed by the formula, Q = (Q3�Qi)/2.

The following blank forms will be found convenient for recording the
necessary data.

Score Sheet for Test...................................
1. City--.--..--.-..-. 2. State-�.��.-�..�. 3. School---�����
4. Grade�����.- 5. Room-.���.�.��. 6. Teacher������
7. Date�� - .�.�. 8. No. pupils����� 9. No. pupils tested-.-..
10. Test given by�- 11. Test scored by-�. 12. Class No.����
13. Scores recorded by������ 14. Minutes per week in labora-
tory and class room� ��������� ��1.�-�� �������� -..�

15. Class has studied subject������������,����.� -weeks.
16. Textbook used������.��������������
17. Test began���������� 18. Test ended����������
19. The 25 percentile�-����� 20. The 50 percentile�������
21. Median score�������� 22. Q. D.���� ����������.

23. r������� 24. P. E.�����...-.-. 25. �������..�..
26. Unusual conditions:



CONVENTIONAL EXAMINATIONS 753

^1

l

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Name

�+-?

1
rt

r̂t
c3
tt

��-

2

.+->

^
0
hfl
< 103

0

No. pupils answering
correctly

02
<Q

a

i

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

. �+->

^�5"�G ^
oa
Q)

§
32

33

34

35

36

37

38

39

40

41

42

43

44

45

46
s

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

. -<->

i.f ^

�����

������



?54 SCHOOL SCIENCE AND MATHEMATICS

3. The standard deviation is defined as the square root of the arith-
metic mean of the squares of the deviations from the average of
the distribution and is computed by the formula,

d2^S.D.

^ N
The standard deviation includes about the middle two-thirds

of the scores and is one of the best measures of variability.
4. The mean deviation is the arithmetic mean of the deviations from

the average, the deviations being summed without regard to
sign. This term includes about the middle fifty per cent of the
scores.

Since both the mean deviation and the standard deviation
require considerable numerical computation, we shall use only
the range and quartile deviation in this discussion to suggest the
^spread^ or variability of the scores about the average.
Having determined the status of the average of the class score

in terms of the median and the degree of concentration Or varia-
bility of these scores in terms of the range or quartile deviation,
how do the results compare with the scores that should be ob-
tained? Are the scores distributed in accord with the abilities
of the class as inferred from other performances? Do these
scores bear any relation to scores made on intelligence tests?
In order to get evidence upon these and other similar questions
we need still another measure.
C. Measures of Relationship

1. The coefficient of correlation is a simple number that expresses a
relation between two sets of data. It is based upon the changes in
order or ranks of the various pupils in the two groups. This coeffi-
cient may vary from plus one (+1), where there is perfect correla-
tion, to minus one (� 1) where the inverse relation exists. A value
of positive one(+l) would mean that a pupil who ranks first in
the intelligence test would also rank first on the science test,
while a value of minus one (�1) would mean that the pupil who
had first place on the intelligence test would have the last place
on the science test.
One writer says that a positive correlation of .7 is about the

limit in most educational,tests that are given under present con-
ditions. The reader should note the values of the correlation
coefficients in the results given below.

VII. GRAPHICAL REPRESENTATION OF TEST SCORES.
A graph will often emphasize significant facts in numerical data

that would otherwise not be apparent. Some useful types are;
1. Graph to show the. order of difficulty of test questions. In giv-

ing questions their proper score value, it is necessary to know
how many pupils answered each question correctly. It is usu-
ally worth while to graph these percentages.

2. The column diagram. This form is a useful device to show the
individual pupil his score with respect to the class as a whole.
This can be done by placing the pupil’s initial in the appropriate
square.

3. The frequency polygon and the "smoothed" curve. If one is
interested to know the general form of the curve that is obtained
from a frequency polygon involving a limited number of cases
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the original data should be plotted. The "smoothed" curve
may then be obtained by making the necessary computations.

VIII. SOME TYPICAL RESULTS: JUNE, 1921.
Table 1: Physics Test LP (Possible score = 85)

1. School ABC
2. School year (grade) 12 12 12
3. Text Tower, Smith, Gorton Millikan and

and Turton Gale
4. No. of pupils . 33 26 21
5. Highest score 76 72 83
6. Median score 57.8 53.5 66.7
7. Lowest score 49 28 53
8. Term of school (mo.) 9 9.5 9
9. Correlation with teacher’s

marks .78–.045 .64–.077 .69d=.076

Table 2: Physics Test LP (Possible score == 85)
1. School D E F
2. School year (grade) 12 12 12
3. Text Millikan and Black and Black and

Gale Davis Davis
4. No. of pupils 25 17 30
5. Highest score .82 74 68
6. Median score 56.7 54.2 57.2
7. Lowest score 35 31 33
8. Term of school (mo.) 10 9 9.5
9. Correlation with teachers

marks .70–.070 .80–.060 -.004 –.122
Table 3: Physics Test TF (Possible score == 100)

1. School A B I
2. Grade 12 12 12
3. Text Tower, Smith, Gorton Millikan and

and Turton Gale
4. No. of pupils 33 26 25
5. Highest score 52 42 60
6. Median score 26.5 21.8 24
7. Lowest score �2 �10 �4
8. School year (mo.) 9 9.5 10
9. Correlation with teacher’s

marks .82 –.039 .60–.084 .55d=.096
Table 4: Physics Test TF (Possible score = 50)

(Form- A or B used alone)
1. School J (Form A used) K (Form B used)
2. Grade 12 11
3. Text Adams Millikan and Gale
4. No. of pupils 45 30
5. Highest score 42 28
6. Median score 12.8 15.3
7. Lowest score �8 2
8. School year (mo.) 10 9
9. Correlation with teacher’s marks .46 –.080 .56 –.084
The results on the four remaining tests will be published at a later date.

IX. THE INTERPRETATION OF TEST SCORES AND THE IMPROVE-
MENT OF TEACHING.

We have previously suggested that the ultimate purpose of a
test should be the improvement of the teaching process. If
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statistical methods will bring order where chaos now exists,
we should be able to discover the defects and apply the remedies
at the proper time. However, statistical processes, in them-
selves, do not supply proof; they enable us to simplify a compli-
cated set of data.

If such tests as have been described do nothing more than
indicate the topics which need to be retaught they will be useful.
When the instructor knows the percentage of pupils answering
each question correctly, he can then decide whether certain
topics require a different teaching emphasis, or omission from
the course.
A low median score with a wide range in the distribution of

the scores and little or no correlation between the teachers
judgment of the predicted and actual performance of the class,
may mean any one of many things. At a later date we shall dis-
cuss all of these points in detail, but it may be suggestive to men-
tion a few possibilities now.

1. The ability of the class may cover a wide range.
2. The teaching emphasis may be improperly placed.
3. The teaching methods may need overhauling.
4. The test may not have been given under fair conditions.
5. The elements of the test may not be properly selected.
6. The subject matter may not be appropriate or wisely organized

for class use.

In conclusion, we wish to say that, for the most part, we have
assumed that the commonly accepted subject-matter is entirely
satisfactory for class use. With this in mind these tests have
been constructed to measure some of the products of the present
instruction in secondary schools.

THE SECOND-FOOT OF WATER.
"Second-foot," as denned by the United States Geological Survey,

Department of the Interior, is an abbreviation for cubic foot per second
and is the unit for measuring the rate of discharge of water flowing in a
stream 1 foot wide and 1 foot deep at a rate of 1 foot per second. It is
generally used as a fundamental unit in measurements of stream flow.

"Second-feet per square mile" is the average number of cubic feet of
water flowing second from each square mile of area drained, on the
assumption that the run-off is distributed uniformly both as regards
time and area.
An "acre-foot" is equivalent to 43,560 cubic feet and is the quantity

required to cover an acre to a depth of 1 foot. The term is commonly
used in connection with the storage of water for irrigation.
A flow of 1 second-foot equals 7.48 United States gallons a second,

448.8 gallons a minute, or 646,317 gallons a day. As a California "miner’s
inch" equals 0.187 gallon a second, there are 40 California miner’s inches
in 1 second-foot.


